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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a magnet, which 
has high magnetic flux density and superior 
magnetizability and has high reliability, particular heat 
resistance (thermal stability). 

SOLUTION: Magnet powder is composed of an alloy 
composition expressed by Rx(Fe1-yCoy)100-x-z- 
wBzAlw (where R, x, and y respectively represent at 
least one kind of rare-earth element, 8.1-9.4 at.%, and 0- 
0.30 at% and z and w respectively represent 4.6-6.8 at.% 
and 0.02-1.5 at%) and has a nanocompbsite texture, in 
which soft magnetic phases and hard magnetic phases 
coexist adjacently. When an isotropically bonded magnet 
is manufactured by molding a mixture of the magnet 
powder and a binder resin, the irreversible magnetic 
susceptibility (xirr=xdif-xrev) of the magnet measured 
starting from an intersection P of the demagnetization 
curve shown in the J-H graph which shows the magnetic 
characteristic of the magnet at room temperature with 
the straight line (y), passing through the origin of the 

graph and having a slope (J/H) of -3.8 x 10-6 henry/m becomes 5.0 X 10-7 henry/m or smaller 
and moreover the characteristic coercive force (HcJ) of the magnet at room temperature 
becomes 406-717 kA/m. 
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[JP,2001'035712,A] 
* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] Rx(Fel-yCoy)lOO-x-z-wBzAlw however, R - at least one sort of rare earth elements, and x:8.1 to 
9.4 atom % - It consists of an alloy presentation expressed with y^O to 0.30, z:4.6 to 6.8 atom %, and 
w:0.02 - 1.5 atom %. And when the configuration organization is the magnet powder with which the 
software magnetism phase and the hard magnetism phase serve as an organization which adjoins each 
other and exists, mixes with joint resin, fabricates and considers as an isotropic bond magnet In the 
demagnetization curve in the J-H Fig. showing the magnetic properties in a room temperature the zero in 
said J-H Fig. A passage, And the irreversible susceptibiUty (chiirr) at the time of measuring an 
intersection with the straight line whose inclination (J/H) is -3.8x10 • 6H/m as a starting point is 5.0x10 - 
7H/m or less. Furthermore, magnet powder characterized by the proper coercive force (HcJ) in a room 
temperature beiag 406 ■ 717 kA/m. 

[Claim 2] Said magnet powder is magnet powder according to claim 1 with which the configuration 
organization is the nano composite organization where a software magnetism phase and a hard 
magnetism phase adjoin each other and exist. 

[Claim 3] Said R is magnet powder according to claim 1 or 2 which is the rare earth elements which are 
mainly concerned with Nd and/or Pr; 

[Claim 4] For said R, the rate is the magnet powder according to claim 1 to 3 it is [ powder 1 5 - 75% to said 
whole R including Pr. 

[Claim 5] For said R, the rate is the magnet powder according to claim 1 to 4 it is [ powder ] 14% or less to 
said whole R including Dy. 

[Claim 6] Magnet powder is magnet powder according to claim 1 to 5 obtained by quenching a melting 
alloy. 

[Claim 7] Magnet powder is magnet powder according to claim 1 to 6 which grinds the quenching thin 
band manufactured using the cooling roller, and is obtained. 

[Claim 8] Magnet powder is magnet powder according to claim 1 to 7 with which heat treatment is 
performed once [ at least ] the manufacture process or after manufacture. 

[Claim 9] Magnet powder according to claim 1 to 8 whose mean particle diameter is 0.5- 150 micrometers. 
[Claim 10] The isotropic bond magnet characterized by coming to join magnet powder according to claim 1 
to 9 together by joiat resin. 

[Claim 111 In the demagnetization curve in the J H Fig. which is the isotropic bond magnet which comes 



to join the magnet powder containing alunainum together by joint resin, and expresses the magnetic 
properties in a room temperature The irreversible susceptibility (chiirr) at the time of measuring an 
intersection with the straight line a passage and whose inclination (J/H) are -3.8x10 ■ 6H/m about the 
zero in said J-H Fig. as a starting point is 5.0x10 - 7H/m or less. Furthermore, the isotropic bond magnet 
characterized by. the proper coercive force (He J) in a room temperature being 406 • 717 kA/m. 
[Claim 12] Said magnet powder is an isotropic bond magnet according to claim 11 which is what consists 
of a R-TM-B-aluminum system alloy (however, transition metals which R makes iron as at least one sort 
of rare earth elements, and TM makes main). 

[Claim 13] Said magnet powder is an isotropic bond magnet containing at least one sort of elements 
chosen from the group which consists of Cu, Si, Ga, Ti, V, Ta, Zr, Nb, Mo, Hf, Ag, Zn, P, germanium, and 
Cr according to claim 11 or 12. 

[Claim 14] The isotropic bond magnet according to claim 13 whose content of said element is below 3 
atom %. 

[Claim 15] Said magnet powder is an isotropic bond magnet according to claim 11 to 14 which consists of 
nano composite organizations in which a software magnetism phase and a hard magnetism phase adjoin 
each other and exist 

[Claim 16] The isotropic bond magnet according to claim 10 to 15 with which multi-electrode 
magnetization is presented or by which multi-electrode magnetization was carried out. 
[Claim 17] The isotropic bond magnet according to claim 10 to 16 used for a motor. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to magnet powder and an isotropic bond magnet. 
[0002] 

[Description of the Prior Art] In order to attain the miniaturization of a motor etc., it is desired for the 
flux density of the magnet at the time of being used for the motor (it sets to a substantial permeance) to 
be high. The factor which determines the flux density in a bond magnet has the value of magnetization of 
magnet powder, and the content (content) of the magnet powder in a bond magnet. Therefore, when 
magnetization of the magnet powder itself is not so high, unless it makes [ many / extremely ] the content 



of the magnet powder in a bond magnet, sufficient flux density is not obtained. 

[0003] By the way, as what is used as current and a highly efficient rare earth bond magnet, the isotropic 
bond magnet which used the MQP B powder made from MQI occupies most as rare earth magnet powder. 
An isotropic bond magnet has the following advantages compared with an anisotropy bond magnet. That 
is, it is that a manufacture process is easy and a manufacturing cost becomes cheap as a res\ilt on the 
occasion of manufacture of a bond magnet since magnetic field orientation is unnecessary. However, there 
are the following troubles in the isotropic conventional bond magnet represented by this MQP B powder. 
[0004] i) The isotropic conventional bond magnet of flux density was inadequate. That is, since 
magnetization of the magnet powder used is low, the content (content) of the magnet powder in a bond 
magnet must be raised, but if the content of magnet powder is made high, since the moldability of a bond 
magnet will worsen, there is a UmitatiLon. Moreover, even if it makes [ many ] the content of magnet 
powder by the device of a process condition etc., there is a liinitation in the flux density obtained too, and, 
for this reason, the miniaturization of a motor cannot be attained. 

[0005] 2) Since coercive force was high, magnetization nature was bad and the comparatively high 
magnetization magnetic field was required. 

[0006] 3) Although the magnet with a high residual magnetic flux density was also reported by the nano 
composite magnet, in that case, coercive force was too small and the flux density (with permeance at the 
time of actually being used) practically obtained as a motor was very low conversely. Moreover, since 
coercive force is small, thermal stability is also inferior. 

[0007] 4) The corrosion resistance of a bond magnet and thermal resistance become low. that is, in order 
to compensate the lowness of the magnetic properties of magnet powder, the content of the magnet 
powder in a bond magnet must be made [ many ] (that is, densification of the consistency of a bond 
magnet is carried out extremely - ********)^ consequently corrosion resistance and thermal resistance 
are inferior in a bond magnet, and it becomes what has low dependability. 
[0008] 

iProblem(s) to be Solved by the Invention] The purpose of this invention is to offer the magnet powder and 
the isotropic bond magnet which can offer the magnet which whose flux density was high, was excellent 
in magnetization nature, and was excellent in dependability, especially the temperature characteristic. 
[0009] 

[Means for Solving the Problem] Such a purpose is attained by this invention of following the (l) • (17). 
[0010] (1) Rx(Fel-yCoy)lOO-x-z-wBzAlw however, R - at least one sort of rare earth elements, and x:8.1 to 
9.4 atom % - It consists of an alloy presentation expressed with y'O to 0.30, z*4.6 to 6.8 atom %, and 
w-0.02 • 1.5 atom %. And when the config\uration organization is the magnet powder with which the 
software magnetism phase and the hard magnetism phase serve as an organization which adjoins each 
other and exists, mixes with joint resin, fabricates and considers as an isotropic bond magnet In the 
demagnetization curve in the J-H Fig. showing the magnetic properties in a room temperature the zero in 
said J-H Fig. A passage, And the irreversible susceptibility (chiirr) at the time of measuring an 
intersection with the straight line whose inclination (J/H) is -3.8x10 - 6H/m as a starting point is 5.0x10 - 
7H/m or less. Furthermore, magnet powder characterized by the proper coercive force (HcJ) in a room 
temperature being 406 - 717 kA/m. 

[0011] (2) Said magnet powder is magnet powder given in the above (l) to which the configuration 
organization is the nano composite organization where a software . magnetism phase and a hard 



magnetism phase adjoin each other and exist. 

[0012] (3) Said R is magnet powder the above (l) which is the rare earth elements which are mainly 
concerned with Nd and/or Pr, or given in (2). 

[0013] (4) For said R, the rate is the above (l) it is [ above ] 5 • 75% thru/or magnet powder given in either 
of (3) to said whole R including Pr. 

[0014] (5) For said R, the rate is the above (l) it is [ above ] 14% or less thru/or magnet powder given in 
either of (4) to said whole R including Dy. 

[0015] (6) Magnet powder is magnet powder the above (l) obtained by quenching a melting alloy thru/or 
given in either of (5). 

[0016] (7) Magnet powder is magnet powder the above (l) which grinds the quenching thin band 

manufactured using the cooling roller, and is obtained thru/or given ui either of (6). 

[0017] (8) Magnet powder is the above (l) to which heat treatment is performed once [ at least ] the 

manufacture process or after manufacture thru/or magnet powder given in either of (7). 

[0018] (9) The above (l) whose mean particle diameter is 0.5- 150 micrometers thru/or magnet powder 

given in either of (8). 

[0019] (10) The isotropic bond magnet characterized by coming to join the above (l) thru/or magnet 
powder given iii either of (9) together by joint resin. 

[0020] (11) In the demagnetization curve in the J-H Fig. which is the isotropic bond magnet which comes 
to join the magnet powder containing aluminum together by joint resin, and expresses the magnetic 
properties in a room temperature The irreversible susceptibility (chiirr) at the time of measuring an 
intersection with the straight line a passage and whose inclination (J/H) are -3.8x10 - 6H/m about the 
zero in said J H Fig. as a starting point is 5.0x10 - 7H/m or less. Furthermore, the, isotropic bond magnet 
characterized by the proper coercive force (HcJ) in a room temperature being 406 - 717 kA/m. 
[0021] (12) Said magnet powder is an isotropic bond magnet given in the above (ll) which is what consists 
of a R-TM-B-aluminum system alloy (however, transition metals which R makes iron as at least one sort 
of rare earth elements, and TM makes main).. 

[0022] (13) Said magnet powder is an isotropic bond magnet the above (ll) containing at least one sort of 
elements chosen from the group which consists of Cu, Si, Ga, Ti, V, Ta, Zr, Nb, Mo, Hf, Ag, Zn, P, 
germanium, and Cr, or given in (12). 

[0023] (14) An isotropic bond magnet given in the above (13) whose content of said element is below 3 
atom %. 

[0024] (15) Said magnet powder is an isotropic bond magnet the above (ll) which consists of nano 
composite organizations* in which a software magnetism phase and a hard magnetism phase adjoin each 
other and exist thru/or given in either of (14). 

[0025] (16) The above (10) with which multi- electrode magnetization is presented or by which 
multi-electrode magnetization was carried out thru/or an isotropic bond magnet given in either of (15). 
[0026] (17) The above (10) used for a motor thru/or an isotropic bond magnet given in either of (16). 
[0027] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of the magnet powder of this invention 
and the isotropic bond magnet using this is explained to a detail. 

[0028] In order to attain the miniaturization of a [outline of this invention] motor etc., it has been a 
technical problem to obtain a magnet with high flux density. Although the factor which determines the 



flux density in a bond magnet has the value of magnetization of magnet powder, and the content (content) 
of the magnet powder in a bond magnet, when magnetization of the magnet powder itself is not so high, 
unless it makes [ many / extremely ] the content of the magnet powder in a bond magnet, sufficient flux 
density is not obtained. 

[0029] As the MQP-B powder made from the above-mentioned MQI which is carrying out current spread 
was mentioned above, while flux density is inadequate, it is therefore obliged to raise the content of the 
magnet powder in a bond magnet depending on an apphcation, i.e., densification, on the occasion of 
manufacture of a bond magnet and dependability is missing in respect of corrosion resistance, thermal 
resistance, a mechanical strength, etc., since coercive force is high, magnetization nature has the fault of 
being bad. 

[0030] On the other hand, the magnet powder and the isotropic bond magnet (isotropic rare earth bond 
magnet) of this invention Suf&cient flux density and moderate coercive force are acquired, and it is not 
necessary to raise the content (content) of the magnet powder in a bond magnet so much by this. With 
consequently, high intensity A bond magnet with the high dependability excellent in a moldability, 
corrosion resistance, magnetization nature, etc. can be offered, and it can contribute also to the 
miniaturization of magnet loading devices, such as a motor, greatly by the miniaturization of a bond 
magnet,^ and high performance-ization. 

[0031] Furthermore, the magnet powder of this invention shall constitute the nano composite 
organization where a hard magnetism phase and a software magnetism phase adjoin each other and exist 
on several lOnm level. 

[0032] Although it is the single phase organization of a hard magnetism phase, in such a nano composite 
organization, the MQP-B powder made from the above-mentioned MQI has the advantage that total 
magnetization becomes high since the high software magnetism phase of magnetization exists, and since 
recoil permeability becomes high further, even if it once adds a reverse' magnetic field, it has the 
advantage that a subsequent demagnetizing factor is small. 

[0033] the magnet powder of [alloy presentation of magnet powder] this invention consists of an alloy 

presentation expressed with Rx^el-yC!oy)lOO-x-z-wBzAlw (however, R - at least one sort of rare earth 

elements, x:8.1 to 9.4 atom %, y:0 to 0.30, z:4.6 to 6.8 atom %, and w:0.02 to 1.5 atom %). 

[0034] as R (rare earth elements), Y, La, Cte, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, and a 

misch metal mention - having - these — one sort - or two or more sorts can be included. 

[0035] The content (content) of R is made into 8.1 to 9.4 atom %. Even if coercive force sufficient by under 

8.1 atom % is not acquired but R adds aluminum, there is little improvement in coercive force. On the 

other hand, if R exceeds 9.4 atom %, since the potential of magnetization wiU fall, sufficient flux density is 

no longer obtained. 

[0036] Here, as for R, it is desirable that they are the rare earth elements which are mainly concerned 
with Nd and/or Pr. The reason is effective [ these rare earth elements ] in order to raise the saturation 
magnetization of the hard magnetism phase which constitutes a nano composite organization and to 
realize coercive force good as a magnet. 

[0037] Moreover, as for R, it is desirable that the percentage is 5 - 75% to the whole R including Pr, and it 
is more desirable that it is 10 - 60%. It is because coercive force and square shape nature can be raised, 
without producing most falls of a residual magnetic flux density as it is this range. 

[0038] Moreover, as for R, it is desirable that the percentage is 14% or less to the whole R including Dy. 



While being able to raise coercive force, without producing the fall of a residual magnetic flux density as it 
is this range, it is because heat-resistant large improvement is also attained. 

[0039] Co is transition metals which have the same property as Fe. Although Curie temperature becomes 
high and the temperature characteristic improves by adding this Co (permuting a part of Fe), when the 
permutation ratio of Co to Fe exceeds 0.30, coercive force and the inclination to fall with flux density are 
shown. In 0.05 0.20, since not only the improvement in the temperature characteristic but the flux 
density itself improves, the permutation ratio of Co to Fe is still more desirable. Furthermore, a part of Fe 
or Co may be permuted by nickel. 

[0040] B (boron) is an element important for acquiring high magnetic properties, and the content is made 
into 4.6 to 6.8 atom %. Square shape nature worsens that B is less than 4.6%. On the other hand, if B 
exceeds 6.8%, a nonmagnetic phase will increase and flux density will decrease rapidly. 
[0041] aluminum is an advantageous element for the improvement in coercive force, and the effectiveness 
of the improvement in coercive force shows up notably in the range of 0.02 - 1.5 atom %. And in this range, 
it follows in footsteps of improvement in coercive force, and square shape nature and a magnetic energy 
product also improve. Furthermore, it becomes good also about corrosion resistance. However, as 
mentioned above, such effectiveness by aluminum addition has R very small at under 8.1 atom %. 
Moreover, if aluminum exceeds 1.5 atom %, the fall of magnetization will become remarkable, it will 
become difficult to obtain high flux density, and coercive force will also decline. 

[0042] 0.02-1.5 atom % And another important effectiveness by containing is that can make small 
irreversible susceptibility (chiirr) mentioned later, can improve an irreversible demagnetizing factor 
further, and magnetic thermal resistance (thermal stability) improves about aluminum, aluminxmi has 
little such effectiveness and the effectiveness of the improvement ia coercive force mentioned above also 
has it imder at 0.02 atom %. [ little ] 

[0043] Although aliuninum itself is not the new matter, in addition, in this invention In the magnet 
powder which has a nano composite organization as a result of repeating an experiment and research ** 
By making alumraum contain in the range of 0.02 - 1.5 atom % The outstanding square shape nature, 
Irreversible susceptibiHty (chiirr) which can aim at improvement in coercive force, sec\nring the maxioium 
magnetic energy product and of which ** after-mentioned is done can be made small. ** ** which can aim 
at the improvement (reduction of an absolute value) of an irreversible demagnetizing factor - find out 
that foiu" effectiveness that good corrosion resistance can be held is acquired, especially that such 
effectiveness is acqxiired by coincidence, and the meaning of this invention is in this point. 
[0044] Thus, in this invention, it is an opposite effect rather to add the amoimt which finds out the 
description for aluminum to carry out [ a minute amount or ] little content, and exceeds 1.5 atom %, and 
this invention is not just going to mean. 

[0045] In addition, although the range where aluminxmi content is desirable is 0.02 to 1.5 atom % as 
mentioned above, as for the upper limit of this range, it is more desirable that it is 1.2 atoms %, and it is 
still more desirable that it is 0.8 atoms %. 

[0046] Moreover, in the alloy which constitutes magnet powder from a purpose of raising magnetic 
properties further, at least one sort of elements chosen from the group (this group is expressed with "Q" 
below) which consists of Cu, Si, Ga, Ti, V, Ta, Zr, Nb, Mo, Hf, Ag, Zn, P, germanium, and Cr can also be 
contained if needed. When it contaias the element belonging to Q, it is desirable that it is below 3 atom %, 
as for the content, it is more desirable that it is 0.2 to 3 atom %, and it is still more desirable that it is 0.5 



tx)2atom%. 

[0047] Content of the element belonging to Q demonstrates the effectiveness of the proper according to 
the class. For example, Cu, Si, Ga, V, Ta, Zr, Cr, and Nb are effective in raising corrosion resistance. 
Among these, especially content of Si also does so the effectiveness of the aforementioned **, **, and ** 
besides the corrosion-resistant improvement effectiveness. 

[0048] The [nano composite organization] nano composite organization exists by the pattern (model) as 
the software magnetism phase 10 and the hard magnetism phase 11 show to drawing 1 , drawing 2 , or 
drawing 3 , and the thickness and particle size of each phase exist on nano meter level (for example, 
1-lOOnm). And the software magnetism phase 10 and the hard magnetism phase 11 adjoin each other, 
and a magnetic exchange interaction is produced. 

[0049] Since magnetization of a software magnetism phase changes the sense easily according to an 
operation of an external magnetic field, if usually intermingled in a hard magnetism phase, the 
magnetization curve of the whole system will turn into a "snake die -bending hne" which has a stage by 
the second **** of a J-H Fig. However, when the size of a software magnetism phase is suJBBcientiy as 
small as several lOnm or less, magnetization of the software magnetic substance is restrained suffLcientiy 
strongly by association with magnetization of the surrounding hard magnetic substance, and the whole 
system comes to act as the hard magnetic substance. 

[0050] The magnet with such a nano composite organization mainly has the next descriptions 1-5. 
[0051] 1) By the second **** of a J-H Fig. (drawing which took magnetization (J) along the axis of 
ordinate, and took the field (H) along the axis of abscissa), magnetization carries out springback 
reversibly (it is also called a "spring magnet" in this semantics). 

[0052] 2) Magnetization nature is good and can magnetize in a comparatively low magnetic field. 

[0053] 3) Compared with the case where the temperature dependence of magnetic properties is hard 

magnetism phase independent, it is small. 

[0054] 4) Aging of magnetic properties is small. ^ 

[0055] 5) Even if it pulverizes, magnetic properties do not deteriorate. 

[0056] In the alloy presentation mentioned above, a hard magnetism phase and a software magnetism 
phase serve as the following, for example. 

[0057] Hard magnetism phase: An R2TM14B system (however, TM Fe, or Fe and Co) or an R2TM14BA1 
system (or an R2TM14BQ system, an R2T1M14BA1Q system) 

Software magnetism phase: TM (especially alpha-Fe, alpha- (Fe, Co)) or the alloy phase of TM and 
aluminum (or the alloy phase of TM and Q, the alloy phase of TM, and aluminum and Q) 
As for the magnet powder of [manufacture of magnet powder] this invention, it is desirable to be 
manufactiured by quenching a melting alloy, and it is desirable to grind the quenching thin band (ribbon) 
which quenched the molten metal of an aUoy, solidified and was obtained especially, and to be 
manufactured. Hereafter, an example of the approach is explained. 

[0058] The perspective view showing the example of a configuration of the equipment (quenching thin 
band manufacturing installation) which manufactures a magnet ingredient with the quenching method 
with which the single roll was used for drawing 4 , and drawing 5 are the cross-section side elevations 
showing the condition near the collision part to the cooling roller of the molten metal in the equipment 
shown in drawing 4 . ^ . , • 

[0059] As shown in drawing 4 , the quenching thin band manufacturing installation 1 is equipped with 



the barrel 2 which can contain a magnet ingredient, and the cooling roller 5 which rotates in the direction 
of drawing Nakaya mark 9A to this barrel 2. The nozzle (orifice) 3 which injects the molten metal of a 
magnet ingredient (alloy) is formed in the lower limit of a barrel 2. 

[0060] Moreover, by arranging the coil 4 for heating at an about three nozzle [ of a barrel 2 ] periphery, 
and impressing a RF to this coil 4, the inside of a barrel 2 is heated (induction heating), and the magnet 
ingredient in a barrel 2 is changed into a melting condition. 

[0061] The cooling roller 5 consists of a base 51 and a surface layer 52 which forms the peripheral s\irface 
53 of a cooling roller 5. 

[0062] The component of a base 51 may consist of the quality of the materials which may really consist of 
the same quality of the materials as a surface layer 52, and are different in a surface layer 52. 
[0063] Although especially the component of a base 51 is not limited, it is desirable to consist of metallic 
materials with high thermal conductivity like copper or a copper system alloy so that the heat of a surface 
layer 52 can be radiated more quickly. 

[0064] Moreover, a surface layer 52 has thermal conductivity equivalent to a base 51, or it is desirable to 
consist of ingredients lower than a base 51 . 

[0065] Such a quenching thin band manufacturing installation 1 is installed in a chamber (not shown), 
and operates in the condition of haying filled up with inert gas or other controlled atmospheres preferably 
in this chamber. In order to prevent oxidation of the quenching thin band 8 especially, as for a controlled 
atmosphere, it is desirable that it is inert gas, such as for example, argon gas, gaseous helium, and 
nitrogen gas, 

[0066] When magnet ingredients (alloy) are paid in a barrel 2, and it heats with a coil 4, it fuses in the 
quenching thin band manufacturing installation 1 and the regurgitation of the molten metal 6 is carried 
out firom a nozzle 3, as shown in drawing 5 , a molten metal 6 After colliding with the peripheral surface 
53 of a cooling roller 5 and forming a paddle (cold slug well) 7, it is cooled quickly, and solidifies, being 
dragged by the peripheral surface 53 of the rotating cooling roller 5, and the quenching tMn band 8 is 
formed continuously or intermittentiy. Thus, soon, the roll side 81 separates from a peripheral surface 53, 
and the formed quenching thin band 8 runs in the direction of arrow-head 9B in drawing 4 . In addition, a 
dotted line shows the coagulation interface 71 of a molten metal among drawing 5 . 
[0067] Although the suitable range changes with wettability to the presentation of an alloy molten metal, 
and the molten metal 6 of a peripheral sxirface 53 etc., because of the improvement in magnetic properties, 
as for the peripheral velocity of a cooling roller 5, it is desirable that it is l-60m/second, and it is usually 
more desirable that it is 5-40m/second. The inclination for the diameter of crystal grain to increase is 
shown, and if the peripheral velocity of a cooling roller 5 is too qxiick conversely, even if most will serve as 
an amorphous organization and it wiU add heat treatment after that in any case, it becomes impossible 
for thickness t of the quenching thin band 8 to become thick depending on the volumetric flow rate 
(volume of the molten metal breathed out by per unit time amoxmt) of the quenching thin band 8, if the 
peripheral velocity of a cooling roller 5 is too slow, and to desire improvement in magnetic properties, 
[0068] In addition, to the obtained quenching thin band 8, it can also heat-treat, for example for 
promotion of recrystallization of an amorphous organization, and homogenization of an organization. As 
conditions for this heat treatment, it is 400-900 degrees C, and is about 0.5 - 300 minutes, for example. 
[0069] Moreover, in order to prevent oxidation, as for this heat treatment, it is desirable to carry out in a 
non-oxidizing atmosphere like [ under a vacuum or a reduced pressiire condition (for example, 1x10*1 - 



1x10-6 Torr) or in inert gas, such as nitrogen gas, argon gas, and gaseous helixim, ], 

[0070] The quenching thin band (thin band-like magnet ingredient) 8 obtained by the above manufacture 
approaches serves as a fine crystal organization or an organization where a fine crystal is contained 
during an amorphous organization, and outstanding magnetic properties are acqxiired. And the magnet 
powder of this invention is obtained by grinding this quenching thin band 8. 

[0071] Especially the approach of grinding is not limited, for example, can be performed using various 
grinding equipments, such as a ball mill, a vibration mill, a jet mill, and a pin mill, and shredding 
equipment. In this case, grinding can also be performed in a non-oxidizing atmosphere like [ under a 
vacuum or a reduced' pressure condition (for example, 1x10-1 ■ 1x10-6 Torr) or in inert gas, such as 
nitrogen gas argon gas, and gaseous helium, ], in order to prevent oxidation. 

[0072] Although especially the mean diameter of magnet powder is not limited, in the case of the thing for 
manufacturing the isotropic bond magnet mentioned later, in consideration of antioxidizing of magnet 
powder, and prevention of magnetic-properties degradation by grindii^, its about 0.5-150 micrometers 
are desirable, its about 1-65 micrometers are more desirable, and its about 5-55 micrometers are still 
more desirable. 

[0073] Moreover, in order to obtain the better moldability at the time of shaping of a bond magnet, the 
particle size distribution of magnet powder has that desirable which is distributed to some extent (there 
is variation). When the void content of the obtained bond magnet can be reduced by this, consequentiy the 
content of the magnet powder in a bond magnet is made the same, the consistency and mechanical 
strength of a bond magnet can be raised more, and magnetic properties can be improved further. 
[0074] In addition, to the obtained magnet powder, it can also heat-treat for the purpose of removal of the 
effect of the strain introduced by grinding, and control of the diameter of crystal grain, for example. As 
conditions for this heat treatment, it is 350-850 degrees C, and is about 0.5 - 300 minutes, for example. 
[0075] Moreover, in order to prevent oxidation, as for this heat treatment, it is desirable to carry out in a 
non-oxidizing atmosphere like [ under a vacuum or a reduced pressure condition (for example, 1x10-1 - 
1x10-6 Torr) or in inert gas, such as nitrogen gas, argon gas, and gaseous helium, ]. 

[0076] NAHien a bond magnet is manufactured using the above magnet powder, such magnet powder has 
good afSnity (wettability of joint resin) witii joint resin, therefore this bond magnet has a high mechanical 
strength, and it becomes the thing excellent in thermal stability (thermal resistance) and corrosion 
resistance. Therefore, the magnet powder concerned fits manufacture of a bond magnet. . 
[0077] In addition, above, as a quenching method, although the single rolling method was explained to 
the example, the congruence rolling method may be adopted, moreover in addition, the atomizing 
method like for example, gas atomization, a rotation disc method, and mechanical alloying (MA) - you 
may manufacture by law etc. Since such a quenching method can make a metal texture (crystal grain) 
detailed, it is effective in raising the magnet property of a bond magnet, especially coercive force, etc. 
[0078] [Abend magnet and its manufacture], next the isotropic rare earth bond magnet (only henceforth a 
"bond magnet") of this invention are explained. 

[0079] The bond magnet of this invention comes to join the above-mentioned magnet powder together by 
joint resin. 

[0080] As joint resin (binder), any of thermoplastics and thermosetting resin are sufficient. 

[0081] as thermoplastics - a polyamide (example^ - nylon 6, Nylon 46, Nylon 66, Nylon 6ip, Nylon 612, 

Nylon 11, Nylon 12, Nylon 612, nylon 6 -66, and nylon 6 T -) Liqtdd crystal polymers, such as nylon 9T, 



thermoplastic polyimide, and aromatic polyester, Polyphenylene oxide, poljnplienylene sulfide, 
polyethylene, Polyolefines, such as pol3T)ropylene and an ethylene-vinylacetate copolymer, Denaturation 
polyolefine, a polycarbonate, polymethylmethacrylate. Polyester, such as polyethylene terephthalate and 
polybutylene terephthalate, The copolymer which is mainly concerned with these, a blend object, a 
polymer alloy, etc. are mentioned, and a polyether, a polyether ether ketone, polyether imide, polyacetal, 
etc, can mix and use 1 of sorts of these, and two sorts or more. 

[0082] Also among tiiese, especially the moldabihty is excellent, and since the mechanical strength is high, 
that which is mainly concerned with a liquid crystal polymer and polyphenylene sulfide from the point of 
a polyamide and heat-resistant improvement is desirable. Moreover, these thermoplastics is excellent 
also in kneading nature with magnet powder. 

[0083] Such thermoplastics has the advantage that selection wide range like what thought the 
moldability as important, and the thing which thought thermal resistance and a mechanical strength as 
important is attained by the class, copolsmaerization-ization, etc. 

[0084] On the other hand, as thermosetting resin, various epoxy resins, such as a bisphenol mold, a 
novolak mold, and a naphthalene syistem, phenol resin, a urea resin, melamine resin, polyester 
(unsaturated polyester) resin, polyimide resin, silicone resin, pol3rurethane resin, etc. are mentioned, and 
1 of sorts of these and two sorts or more can be mixed and used, for example. 

[0085] From the point of especially the moldability being excellent also among these, and a mechanical 
strength being high and excelling in thermal resistance, an epoxy resin, phenol resin, polyimide resLn, 
and siUcone resin are desirable, and especially an epoxy resin is desirable. Moreover, these thermosetting 
resin is excellent also in kneading nature with magnet powder, and the homogeneity of kneading. 
[0086] In addition, the thing of a solid [ thing / Uquefied ] (powdered) is sufficient as the thermosetting 
resin (un-hardening) used at a room temperature. 

[0087] Such a bond magnet of this invention is manufactured as follows, for example. Magnet powder, 
joint resin, and the constituent for bond magnets (compound) that contains additives (an anti-oxidant, 
lubricant, etc.) if needed are manufactured, and it fabricates in a desired magnet configuration all over a 
non-magnetic field using this constituent for bond magnets by the shaping approaches, such as 
compression moldii^ (press forming), extrusion molding, and injection molding. When joint resin is 
thermosetting resin, it is hardened with heating etc. after shaping. 

[0088] Here, by these shaping approaches, although there is an advantage, like extrusion molding and 
injection molding (especially injection molding) have the large degree of fi^eedom of configuration 
selection among said three sorts of shaping approaches, and productivity is high, since, fluidity with the 
compound sufficient in order to obtain a good moldability in a making machine must be secured, 
compared with compression molding, densification of making [ many ] the content of magnet powder, i.e., 
the bond magnet, cannot be carried out. However, in this invention, since high flux density is obtained, 
therefore the magnetic properties which were excellent even if it did not carry out densification of the 
bond magnet are acquired so that it may mention later, the advantage is enjoyable also to the bond 
magnet manufactured by extrusion molding and injection molding. 

[0089] Especially the content (content) of the magnet powder in a bond magnet is not limited, but is 
usually determined in consideration of coexistence with the shaping approach, and a moldability and high 
magnetic properties. It is desirable that it is about 75-99wt%, and, specifically, it is more desirable that it 
is about 85-97.5wt%. 



[0090] Although the bond magnet was especially manufactured by compression molding, as for the 
content of magnet powder, to a case, it is desirable that it is about 90-99wt%, and it is more desirable to it 
that it is about 93-98.5wt%, 

[0091] Moreover, although the bond magnet was manufacttired by extrusion molding or injection molding, 
as for the content of magnet powder, to a case, it is desirable that it is about 75-98wt%, and it is more 
desirable to it that it is about 85'97wt%. 

[0092] The consistency rho of a bond magnet is determined by factors, such as specific gravity of the 
magnet powder contained in it, a content of magnet powder, and a void content. In the bond magnet of 
this invention, although especially the consistency rho is not limited, it is desirable that it is about three 
5.3 ■ 6.6 Mg/m, and it is more desirable that it is about three 5.5 - 6.4 Mg/m. 

[0093] Since the flux density of magnet powder is high and coercive force is also large to some extent, even 
when it fabricates to a bond magnet in this invention, and there are many contents of magnet powder and 
there are [ not to mention ] comparatively few contents, by it, outstanding magnetic properties (especially 
high magnetic energy product) are acquired. 

[0094] the configuration of the bond magnet of this invention, especially a dimension, etc. are limited - 
not having - for example, a configuration ■- being related cylindrical and a prismatic form the thing of 
all configurations, such as cylindrical (the shape of a ring), circular, plate-like, and curve tabular, is 
possible, and the thing of all magnitude is possible also for the magnitude firom a large-sized thing to a 
micro thing, it is as this detail in the letter describing firequently that it is especially advantageous to the 
magnet miniaturized and microminiaturized. 

[0095] In the demagnetization curve in the J-H Fig. (drawing which took magnetization (J) along the axis 
of ordinate, and took the field (H) along the axis of abscissa) to which the above bond magnets of this 
invention express the magnetic properties in a room temperature The irreversible susceptibility (chiirr) 
at the time of measuring an intersection with the straight line a passage and whose inclination (J/H) are 
-3.8x10 ■ 6H/m about the zero in a J H Fig. as a starting point is 5.0x10 ■ 7H/m or less. Furthermore, it 
has the magnetic properties (magnetic engine performance) that the proper coercive force (HcJ) in a room 
temperature is 406 - 717 kA/m. Hereafter, sequential explanation, is given about irreversible 
susceptibility (chiirr) and proper coercive force (HcJ). 

[0096] With [irreversible susceptibility] irreversible susceptibility (chiirr) As shown in drawing 6 , in the 
demagnetization curve in a J H Fig., the inclination of the tangent of the demagnetization curve 
concerned in a certain point P is made into differential susceptibihty (chidifi. When the inclination (slope 
of a line which connects the both ends of a recoiling curve) of the recoiling curve concerned at the time of 
once reducing the magnitude of a demagnetizing field from said point P, and making a recoihng curve 
draw is made into reversible susceptibihty (chirev), what is expressed with a degree type (unit: a 
henry/m) is said. 

[0097] irreversible susceptibihty (chiirr) = differential susceptibihty (chidi£) -reversible susceptibility 
(chirev) in addition -- this invention -- the demagnetization curve in a J-H Fig. -- setting -: the zero in a 
J-H Fig. - a passage - and -- inclining (J/H) - the intersection with the straight line y which is -3.8x10 • 
6H/m was made into said point P. 

[0098] In this invention, the reason for having defined the upper limit of the irreversible susceptibility 
(chiirr) in a room temperature in 5.0x10 • 7H/m is as follows. 

[0099] As mentioned above, since irreversible susceptibihty (chiirr) is what shows the rate of change to 



the field of the magnetization which does not return even if it decreases that absolute value once it 
applies a demagnetizing field, it can aim at improvement in the thermal stability of a bond magnet, 
especially reduction of the absolute value of an irreversible demagnetizing factor by holding down this 
irreversible susceptibihty (chiirr) to a to some extent small value. In the range of the irreversible 
susceptibility (chiirr) in this invention, the absolute value becomes about 5% or less, and, as for the. 
irreversible demagnetizing factor when ret\irning a bond magnet to a room temperature after leaving it 
under the environment of for example, 100 degree-Cx 1 hour, it is actually acquired, thermal resistance, 
i.e., thermal stabihty, sufficient practically (setting especially to use of a motor etc.). 
[0100] On the other hand, if irreversible susceptibility (chiirr) exceeds m in 5.0x10 - 7H /, the absolute 
value of an irreversible demagnetizing factor will increase and sufficient thermal stability will not be 
acquired. Moreover, since square shape nature worsens while proper coercive force becomes low, in actual 
use of a bond magnet, it will be restricted to use for the application [ like 1 to which a permeance 
coefficient (Pc) becomes large (for example, Pc>=5). Moreover, the fall of coercive force also becomes 
bringing about the fall of thermal stability. 

TOlOl] Although the reason for having defined the irreversible susceptibility (chiirr) in a room 
temperature in 5.0x10 • 7H/m or less is as above, the smallest possible value is desirable, therefore as for 
irreversible susceptibihty (chiirr), it is more desirable that irreversible susceptibility (chiirr) is 4.5x10 • 
7H/m or less in this invention, and it is still more desirable that it is 4.0x10 - 7H/m or less. 
[0102] The proper coercive force CHc^X) in the room temperature of a [proper coercive force] bond magnet is 
406 ■ 717 kA/m. Especially, 435 - 677 kA/m is more desirable. 

[0103] When proper coercive force (HcJ) exceeds said upper limit, magnetization nature is inferior, and 
demagnetization when a reverse magnetic field starts that it is said xmder lower limdt depending on the 
application of a motor becomes remarkable, and hot thermal resistance is inferior. Therefore, even when 
carrsdng out multi-electrode magnetization etc. to a bond magnet (especially cylindrical magnet) by 
making proper coercive force (HcJ) into the above-mentioned range and sufficient magnetization 
magnetic field is not obtained, good magnetization is attained, sufficient flux density is obtained, and a 
highly efficient bond magnet, especially the bond magnet for motors can be offered. 

[0104] Although especially maximum magnetic energy (product BH) max of the bond magnet of this 
invention is not limited, its about three 87 - 125 kJ/m is desirable, and its about three 100 ■ 125 kJ/m is 
more desirable. 
[0105] 

Example] (Example 1) The alloy presentation obtained the magnet powder (two or more sorts of magnet 
powder to which the aluminum content w was changed variously) of Nd8.7Fe77.2 wCo8.5B5.6Alw by 
approach which is described below. 

[0106] First, weighing capacity of each raw material of Nd, Fe, Co, B, and aluminum was carried out, the 
hardener ingot was cast, and about 15g sample was started from this ingot. 

[0107] The quenching thin band manufacturing installation of a configuration of being shown in drawing 
4 and drawing 5 was prepared, and said sample was put in in the quartz tube which prepared the nozzle 
(circular hole orifice) in the pars basilaris ossis occipitalis. After deaerating the inside of the chamber by 
which the quenching thin band manufacturing installation 1 is contained, inert gas (argon gas and 
gaseous helixun) was introduced, and it considered as desired temperature and the ambient atmosphere 
of a pressure. 



[0108] Then, the ingot sample in a quartz tube was dissolved by high-frequency induction heating, further, 
the peripheral velocity and injection pressure (differential pressure of the internal pressure of a quartz 
tube and ambient pressure) of a cooling roller were adjusted to each a second at 20m /and 40kPa, the 
molten metal was turned and injected to the peripheral surface of a cooling roller, and the quenching thin 
band (average thickness- about 30 micrometers, average width of face • about 1.6mm) was obtained. 
[0109] After carrying out coarse grinding of this quenching thin band, heat treatment for [ 680 
degree -Cx ] 300 seconds was performed in the argon gas ambient atmosphere, and two or more sorts of 
magnet powder with which the altiminum contents w differ was obtained. 

[0110] About each obtained magnet powder, in order to analyze the phase configuration, the X diffraction 
was performed at 20 degrees ■ 60 degrees of angle of diffractions using Cu-Kalpha. The diffraction peak of 
the Nd2 CFe-Ck))l4B plane 1 which is a hard magnetism phase, and alpha CFe, Co) phase which is a 
software magnetism phase could be checked from the diffraction pattern, and forming the nano composite 
organization was checked from the observation result by the transmission electron microscope (TEM). 
[Olll] Next, for grain refining, the grinder (RAIKAI machine) was used further, and each magnet powder 
was ground in argon gas, and was used as magnet powder with a mean particle diameter of 60 
micrometers. 

[0112] This magnet powder, the epoxy resin (joint resin), and a small amount of hydrazine system 
anti oxidant were mixed and kneaded, and the constituent for bond magnets (compound) was produced. 
. [0113] Subsequently, this compound was ground, it presupposed that it is granular, and weighing capacity 
of this graniilar object was carried out, it was filled up in the metal mold of press equipment, compression 
molding (inside of a non-magnetic field) was carried out by pressure 7 ton/cm2, and the Plastic solid was 
acquired. 

[0114] The epoxy resin was stiffened with 150-degree C heating after mold release (cure processing), and 
the isotropic bond magnet of the shape of a cylinder with a diameter [ of 10mm ] phix height of 7mm was 
obtained. The content of the magnet powder in each bond magnet was about 97 wt(s)%. Moreover, the 
consistencies of each bond magnet were about 6.21 Mg/m3. 

[0115] About <evaluation of magnetic-properties and irreversible susceptibility> each bond magnet, after 
giving pulse magnetization with the magnetic field strength of 3.2MA/m, magnetic properties (a residual 
magnetic flux density Br, the proper coercive force HcJ, maximum magnetic energy (product BH) max) 
were measured by maximum impression magnetic field 2.0 MA/m with the account fluxmeter of ******. 
The temperature at the time of measurement was 23 degrees C (room temperature). 
[0116] the demagnetization curve of a J H Fig. obtained as shown in dyawing . 7 - setting - a zero - a 
passage inclining (J/H) - the intersection P with the straight line which is -3.8x10 ■ 6H/m was made 
into the starting point, once it changed the field from here to 0, it had returned again and the recoiling 
curve was drawn, and it asked for the inclination (slope of a line which connects the both ends of a 
recoiling curve) of this recoiling cxirve as reversible susceptibility (chirev). Moreover, it asked for the 
inchnation of the tangent of the demagnetization curve in said intersection P as differential susceptibility 
(chidi£). It asked for the irreversible susceptibility (chiirr) in a room temperatva:e as chi irr=chi dif-chi rev. 
These results are shown in the following table 1. 

[0117] <heat-resistant evaluation>, next the thermal resistance (thermal stability) of each of said bond 
magnet (diameter [ of 10mm ] phix height of 7mm cylindrical) were investigated. This thermal 
resistance measured and evaluated the irreversible demagnetizing factor at the time of returning to a 



room temperature Gnitial demagnetizing factor), after holding the bond magnet under the environment of 
100 degree-Cx 1 hour. The result is shown in the following table 1. It excels in thermal resistance 
(thermal stabihty), so that the absolute value of an irreversible demagnetizing factor (initial 
demagnetizing factor) is small. 

[0118] in order to evaluate <evaluation of magnetization nature>, next the magnetization nature of a 
bond magnet, the rate of magnetization when changing various magnetization fields (magnetization 
magnetic field) was investigated about said each bond magnet (diameter [ of 10mm ] phix height of 7mm 
cylindricaD. The rate oif magnetization made 100% the value of the residual magnetic flux density when 
making a magnetization field into 4,8 MA/m, and shiowed it by the ratio to this. The magnitude of a 
magnetization field in case the rate of magnetization becomes 90% is shown in the following table 1. It 
excels in magnetization nature, so that this value is small. 
[0119] 
[Table 1] 

[0120] As shown in the <comprehensive evaluation> table 1, the aluminum content w in magnet powder 
is 0.02 to 1.5 atom %, and it has the magnetic properties (a residual magnetic flux density, proper coercive 
force, the maximum magnetic energy product) irreversible susceptibility (chiirr) excelled [ magnetic 
properties ] in each isotropy bond magnet of 5.0x10 • 7H/m or less, and since the absolute value of an 
irreversible demagnetizing factor is also small, thermal resistance (thermal stability) is high, and 
magnetization nature is also still better. 

[0121] Since it is above, according to this invention, it is highly efficient and a reliable (especially thermal 
resistance) bond magnet can be offered. When a bond magnet is especially used as a motor, the high 
engine performance is demonstrated. 

[0122] (Example 2) By the same approach as an example 1, the alloy presentation manufactured the 
quenching thin band (two or more sorts of quenching thin bands to which the amount y of Pr 
permutations was changed variously) of 8.8(Ndl-yPry) FebalCo7.5B5.8aluminum0.7, and performed heat 
treatment for [ 680 degree^Cx ] 10 minutes in the argon gas ambient atmosphere. From the same 
analytical method as the above, it was checlsied that the organization of this quenching thin band forms 
the nano composite organization. 

[0123] Next, like the example 1, magnet powder was obtained from said quenching thin band, and the 
isotropic bond magnet [ being cylindrical (the shape of a rin^ ] with an outer diameter 20mmphi and bore 
[ of 18mm ] phix height of 7mm was manufactured from this magnet powder. The content of the magnet 
powder in each bond magnet was about 96.8 wt(s)%. Moreover, the consistencies of each bond magnet 
were about 6.18 Mg/m3. 

[0124] About these, magnetic properties (a residual magnetic flux density Br, the proper coercive force 
HcJ, maximum magnetic energy (product BH) max) and irreversible susceptibihty (chiirr) were measured 
and evaluated by the same approach as an example 1. The result is shown in the following table 2. 
[0125] Moreover, multi-electrode magnetization of these bond magnets was carried out on the 12 poles, 
respectively, and DC brushless motor was assembled, using this as a Rota magnet. In this DC brushless 
motor, when the reverse electromotive voltage generated in the coil coil when rotating Rota by 4000rpm 
was measured, the electrical potential difference with anything high enough was obtained, and it was 



checked that it is the motor of high performance. 

[0126] Next, the bond magnet was manufactured for the size of a bond magnet like the example 1 using 
two or more sorts of magnet powder with which the amounts y of Pr permutations mentioned above differ 
with a diameter [ of 10mm ] phix height of 7mm except having presupposed that it is cylindrical, 
respectively. 

[0127] About these, thermal resistance (thermal stability) and magnetization nature were measured and 
evaluated by the same approach as an example 1. The result is shown in the following table 2. 



[0128] 
[Table 2] 
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[0129] As shown in Table 2, they has outstanding magnetic properties (a residual magnetic flux density, 
proper coercive force, the maximum magnetic energy product), and since the absolute value of an 
irreversible demagnetizing factor is small, each of each isotropic bond magnets has high thermal 
resistance (thermal stability), and its magnetization nature is also good. It turns out that improvement in 
proper coercive force and the maximum magnetic energy product (square shape nature) can be aimed at, 
maintaining the thermal resistance and magnetization nature which were excellent by having permuted 
a part of Nd by the specified quantity (it being 75% or less to the whole R) Pr especially. 
[0130] Since it is above, according to this invention, it is highly efficient and a reliable (especially thermal 
resistance) bond magnet can be offered. When a bond magnet is especially used as a motor, the high 
engine performance is demonstrated; 

[0131] (Example 3) By the same approach as an example 1, the alloy presentation manufactured the 
quenching thin band (two or more sorts of quenching thin bands to which various the amounts of Dy 
permutations (l-z) were changed) of 9.0(zDy(Nd0.5Pr0.5)l z) FebalCo7.7B5.6aluminum0.5, and 
performed heat treatment for [ 680 degree-Cx ] 12 minutes in the argon gas ambient atmosphere. From 
the same analytical method as the above, it was checked that the organization of this quenching thin 
band forms the nano composite organization. ^ 
[0132] Next, like the example 1, magnet powder was obtained from said quenching thin band, and the 
isotropic bond magnet [ being cylindrical (the shape of a ring) ] with an outer-diameter 20mmphi and bore 
[ of 18mm ] phix height of 7mm was manufactured from this magnet powder. The content of the magnet 
powder in each bond magnet was about 96.8 wt(s)%. Moreover, the consistencies of each bond magnet 
were about 6.20 Mg/m3. ^ 

[0133] About these, magnetic properties (a residual magnetic flux density Br, the proper coercive force 



HcJ, maximiun magnetic energy (product BH) max) and irreversible susceptibility (chiirr) were measured 
and evaluated by the same approach as an example 1. The result is shown in the following table 3. 
[0134] Moreover, multi-electrode magnetization of these bond magnets was carried out on the 12 poles, 
respectively, and DC brushless motor was assembled, using this as a Rota magnet. In this DC brushless 
motor, when the reverse electromotive voltage generated in the coil coil when rotating Rota by 4000rpm 
was measured, the electrical potential difference with anything high enough was obtained, and it was 
checked that it is the motor of high performance. 

[0135] Next, the bond magnet was manufactured for the size of a bond magnet like the example 1 using 
two or more sorts of magnet powder with which amoimt of Dy permutations 1-z mentioned above differs 
with a diameter [ of 10mm ] phix height of 7mm except having presupposed that it is cylindrical, 
respectively. 

[0136] About these, thermal, resistance (thermal stability) and magnetization nature were measured and 
evaluated by the same approach as an example 1. The result is shown in the following table 3. 
[0137] 
[Table 3] 
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[0138] As shown in Table 3, they has outstanding magnetic properties (a residual magnetic flux density, 
proper coercive force, the maximum magnetic energy product), and since the absolute value of an 
irreversible demagnetizing factor is small, each of each isotropic bond magnets has high thermal 
resistance (thermal stability), and its magnetization nature is also good. It turns out that improvement in 
proper coercive force and the maximum magnetic energy product (square shape nature) can be aimed at, 
maintaining the thermal resistance and magnetization nature which were exceUent by having carried out 
specified quantity (it being 14% or less to whole R) addition of the Dy especially. 

[0139] Since it is above, according to this invention, it is highly efficient and a reliable (especially thermal 
resistance) bond magnet can be offered. When a bond magnet is especially used as a motor, the high 
engine performance is demonstrated. 

[0140] (Example 4) By the same approach as an example 1, the alloy presentation manufactured the 
quenching thin band (two or more sorts of quenching thin bands to which the Si content v was changed 
variously), of Nd5.3Pr2.8Dy0.6Fe76.8 vCo8.5B5.6aluminum0.4Siv, and performed heat treatment for 
[ 670 degree-Cx ] 8 minutes in the argon gas ambient atmosphere. From the same analytical method as 
the above, it was checked that the organization of this quenching thin band forms the nano composite 
organization. 



[0141] Next, like the example 1, magnet powder was obtained from said quenching thin band, and the 
isotropic bond magnet [ being cylindrical (the shape of a ring) ] with an outer- diameter 20mmphi and bore 
[ of 18mm ] phix height of 7mm was manufactured from this magnet powder. The content of the magnet 
powder in each bond magnet was about 96.9 wt(s)%. Moreover, the consistencies of each bond magnet 
were about 6.19 Mg/m3. 

[0142] About these, magnetic properties (a residual magnetic flux density Br, the proper coercive force 
He J, maximum magnetic energy (product BH) max) and irreversible susceptibiHly (chiirr) were measured 
and evaluated by the same approach as an example 1. The result is shown in the following table 4. 
[0143] Moreover, multi-electrode magnetization of tiiese bond magnets was carried out on the 12 poles, 
respectively, and DC brushless motor was assembled, using tiiis as a Rota magnet. In this DC brushless 
motor, when the reverse electromotive voltage generated in the coil coil when rotating Rota by 400Qrpm 
was measiured, the electrical potential difference with anything high enough was obtained, and it was 
checked that it is the motor of high performance. 

[0144] Next, the bond magnet was manufactured for the size of a bond magnet like the example 1 using 
two or more sorts of magnet powder with which the Si contents v mentioned above differ with a diameter 
[ of 10mm ] phix height of 7mm except having presupposed that it is cylindrical, respectively. 
[0145] While measuring and evaluating thermal resistance (thermal stability) and magnetization nature 
by the same approach as an example 1 about these, the foUowrag approaches measured and estimated the 
corrosion resistance of magnet powder, and the corrosion resistance of a bond magnet. The result is shown 
in the following table 4. 

[0146] The appearing trial estimated the corrosion resistance of the <corrosion resistance of magnet 
powder> magnet powder. After this appearing trial set magnet powder by turns under the environment 
for 30 degree -Cx50%RHx 15 minutes, and the environment for 80 degree -Cx95%RHx 15 minuteis and 
repeated this 24 times, it carried out microscope observation of the front face of magnet powder, and 
evaluated the generating situation of rust in the following four steps. 
[0147] 

A: all generating **-less B: of rust - generating of rust - small - it is those of C^rust with generating - 
the generating remarkable <corrosion resistance of bond magnet> bond magnet (ten pieces each) of 
D^rust " the constant temperature of 60 degree-Cx95%RH it put into the constant humidity chamber 
and the inean time imtil it carries out rusting to a front face was investigated. The die length of time 
amount until it carries out rusting estimated in the following four steps. 
[0148] 

after A*500-hour progress has no rusting - B*400 hours or more and less than 500 hours - more than 
rusting C:300 hour and less than 400 hours - less than [ rusting D:300 hovir ] - rusting [0149] 
[Table 4] 
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[0150] As shown in the <comprehensive evaluation> table 4, each of each isotropic bond magnets has 
outstanding magnetic properties (a residual magnetic flux density, proper coercive force, the maximimi 
magnetic energy product) and thermal resistance (thermal stability), and its magnetization nature is also 
good. 

[0151] Compared with what does not contain Si, the corrosion resistance of the magnet powder itself and 
the corrosion resistance of the thing [ especiaUy ] that carries out specified quantity (0.1 to 3 atom %) 
content of the Si into magnet powder of a bond magnet are improving. Therefore, on the occasion of actual 
use, protection coating, such as performing coating for corrosion prevention to the front face of a bond 
magnet, can be omitted or eased. 

[0152] Since it is above, according to this invention, it is highly efficient and a reliable (especially thermal 
resistance, corrosion resistance) bond magnet can be offered. When a bond magnet is especially used as a 
motor, the high engine performance is demonstrated. 

[0153] (Example 5) The isotropic bond magnet of this mvention was manufactured like the 
above-mentioned examples 1-4 except having manufactured the bond magnet by extrusion molding. In 
addition, the polyamide (Nylon 610) was used for joint resin. Moreover, the consistencies of each bond 
magnet of the content of the magnet powder in each bond magnet were about 5.85 Mg/m3 about 95.5 
wt(s)%. 

[0154] When measinrement and evaluation (corrosion-resistant eyaluation in the example 4 is also 
included) were performed like the above to each bond magnet, the same result as the above was obtained. 
The still better result was obtained especially about the corrosion resistance of a bond magnet. 
[0155] (Example 6) The isotropic bond magnet of this invention was manufactured like the 
above-mentioned examples 1-4 except having manxifactured the bond magnet with injection molding. In 
addition, polyphenylene sulfide was used for joint resin. Moreover, the consistencies of each bond magnet 
of the content of the magnet powder in each bond magnet were about 5.63 Mg/m3 about 94.1 wt(s)%. 
[0156] When thiB same measurement as the above and evaluation (corrosion-resistant evaluation in the 
example 4 is also included) were performed to each bond magnet, the same result as the above was 
obtained. The still better result was obtained especially about the corrosion resistance of a bond magnet, 
[0157] 

[Effect of the Invention] According to this invention, the following effectiveness is acquired as stated 
above. 

[0158] • In order that magnet powder may have a nano composite organization and may carry out 



specified quantity content of the aliiminum, magnetization is high, outstanding magnetic properties are 
demonstrated and proper coercive force and square shape nature are improved especially. 
[0159] • The absolute value of an irreversible demagnetizing factor is small, and the outstanding thermal 
resistance (thermal stability) is obtained. 

[0160] • Since high flux density is obtained, even if it is isotropy, a bond magnet with high magnetic 
properties is obtained. Since the magnetic engine performance more than equivalent can be especially 
demonstrated with the bond magnet of the smaUer volume compared with the isotropic conventional bond 
magnet, it becomes it is more small and possible to obtain the motor of high performance. 
[0161] - Since high flux density is obtained again, on the occasion of manufacture of a bond magnet, even 
if it does not pursue densification, magnetic properties high enough can be acquired, consequentiy further, 
improvement dimensional accuracy, a mechanical strength, corrosion resistance, heat-resistant (thermal 
stability) can be aimed at with improvement in a mdldability, and it becomes possible to manufacture a 
reliable bond magnet easily. When it contains Si especially, the more excellent corrosion resistance is 
acquired. 

[0162] - Since magnetization nature is good, it can magnetize in a lower magnetization magnetic field, 
and m\ilti-electrode magnetization etc. can especially be ensured [ easily ], and it can obtain high flux 
density. 

[0163] - Since densification is not reqxiired, it is suitable also for manufacture of the bond magnet by the 
extrusion method and injection-molding method which shaping of high density cannot carry out easily 
compared with compression forming, and effectiveness which was mentioned above is acquired also with 
the bond magnet fabricated by such shaping approach. Therefore, the width of face of selection of the 
shaping approach of a bond magnet and the degree of freedom of configuration selection according to it 
further spread. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l1 It is - drawing showing typically an example of a nano composite organization 
(macrostructure) in the magnet powder of this invention. 

[Drawing 2l It is drawing showing typically an example of a nano composite organization 



(macrostructure) in the magnet powder of this invention, 

FDrawing 3l It is drawing showing typically an example of a nano composite organization 
(macrostructure) in the magnet powder of this invention. 

[Drawing 4l It is the perspective view showing the example of a configuration of the equipment 

(quenching thin band manufacturing installation) which manufact\u-es a magnet ingredient. 

[Drawing 5l It is the cross- section side elevation showing the condition near the colhsion part to the 

cooling roller of the molten metal in the equipment shown in drawing 4 . 

[Drawing 6l It is drawing (J-H F^.) for explaining irreversible susceptibility. 

[Drawing 7l It is the J-H Fig. showing a demagnetization curve and a recoiling ciurve. 

[Description of Notations] 
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71 Coagulation Interface 
8 Quenching Thin Band 
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9A Arrow head 
9B Arrow head 

10 Software Magnetism Phase 

11 Hard Magnetism Phase 
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fi^J'i 5 «-St?fflF^ $ ti,T V ^ T J: V ^ 

[0 0 6 3] S^5 1 <D«^m, i^{;iPS^$tU5iV^ 

t^. *ffiS5 2W^Srj:t)jS<Jjct!c-C#5J;5{c. {sjx. 

[0 0 6 4] ^ffiS5 2»i, mBm-mm^z i 

[0 0 6 5] rcoi5^j:^?^#^IS5gg«iJ±, 5^^^ 

[0 0 6 6] m:i^n^mmm. i -ett. isi^*: 2 ^ tca^ 

«•iiB^ (-&^) *XH, =>i'/W4fcj:t?iDll!vbT^iilib. 

30 ^■w^^6SryX/P3*^fentmi-5i:. ID 5 fcs^-T i 5 

-'V (^S!?) 7^Sr?i^j*tfc^. lHl^-f-5?^±Po-;U5(D 
jaB5 3te:§l#-f bix-oo^ittc}^ip$tuTlg@L, 5§i 
?&»^8dSjiiK6<3^fc»4Wf!gce<}tc?i^J5£$ix5o ^(D^b 
tCbT?l^fiK$Hfc«lJ^»«F8H, ^:(35D-/Vffi 
8 i*sfflE5 3d>p>ilix. I2I4 4'©3^PP9 B:fy|o]^wJt^T 

[0 0 6 7] /^4Po-/U5©J^j$Sf±. -a-^^^Oiia 

40 ^ffi 5 3 6 \z.nr^m^>^m^ i. *) 

6 Om/S>T-fc5<D;6S»4 L< V 5 — 4 Om/jB^-^fcS 

■i>^^<o^m JwioXtt. ^/&?l|»8roJ¥$ tdW< 
5©^jiSdS3$-r#*5i. ;*:$l5:»-d5^^«:Miili:5fc»). 

50 [0068] fti&. #?jixfc3SL?&if^8 »C*|-LTfi, 
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LTtt. ^J^tf. 4 0 0~9 0 0'Ct?. 0. 5~3 0 0 

[0 0 6 91 z.<Dmmi,t. mt^Vi^ir^t^V)' 

ic. X^*fetti^4^«lT («»l;^rf 1 X 1 o-i~l X 1 

0-6 Torr ) . h^^^\-fSMii:^. T^v=?v:*r;^, '^y 

[0070] W±<0<t 0 tm'mjmKi. t)»^tufc^}^ 

[00 7 11 «&^s=<D:^i£t±. m^m'&^in-r. ^o^j^j}^ 

ST («5|;?L«f 1 X 1 0-l~ 1X10-6 Torr ) , 

[0 0 7 21 m^'^-^(r>^msm.n.. m\z.w&^Kfii\^ 

©El^itt Sr%Ii;L-C. 0. 5~1 5 0 MmS^iiW^ b 
<. l~6 5//m®aE;dSJ;9^f*L<v 5~5 5MmS 

[00731 m^©;^?^^® J; ») 

[0 0 7 41 tan, #e>H^ca^t&*fc*i-L-Cf4. Mx. 
<Dl^m<r>ik^}i LT»i. 350~850'C 

■e. 0. 5~3 0o^SSt-t-5::i:j5s-c#5„ 

[0 0 7 51 ^fc. C:co^^3SH> ^{t^E^Jh-rSfcfc 
tc. ll^*fc»±MJE:|^liT (fi?llx:fil x 1 0-l~l x i 
0-6 Torr ) , h^\<^\t.mM:fJ:^. T A^zi-y^:;^, v^y 

[0 0 7 6] £A±05 J; 5 ^c^^B^&^Srfflv^T;}?^' K^^E 
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[0 0 7 71 ''-eia, &l±t?»*. .^J^jfet LT. *D-^l. 

[0 0 7 81 [^V h'm^tSXX^^(DmW] 

[00 79] Tlc^KcOd^V Ka^Ett. mi&(Om^nM^ 
[0 0 8 0] ig-a-M/ii (/W Vi?'-) .t L-Ctt, fiBlM 

[008 1] i^-^m\mmt vx^±. Mx.«r. y r ? 

K (M : n >- 6 . ■:^^p>'4 6. ■:^-r 0^6,6. ■^- 
20 -roi^e 1 0, ■t-'l'ai^e 1 2, ■:h'ro>'l 1, •:^-i'D 
>'12. •^--rciV6-12, •r^X3>'6-6 6, •)-■< u 
l^6T. ^-f a V 9 T) . ^-STM-ffi^.y 5 ^#1^ 

K. /Ky 7:?::=:W'>'f-yV7r'l' K. 7Kyji5=-^>'. ■^)} 
T'cil^WV. 3:<9^WV-i^®6fcr=i/V*fi#f*:«?<OJjfy> 

^'ftjKy ^^-u^^v, ^y^-d^^i-^- h, 
y ;^ 5^>'^^ ^ y I/— h . y 315=- u 1/— 
/Ky zj^^i^VT^-u-^j? u— h^(D5Ky3^;^7"/w, 

r b © 5 *) <o 1 a* fc »i 2 a£A± SriH-a- L Tffi t ^ 5 r 
[0 0 8 2] r^xe>CD 5 *>t?t>, fifeJfm;65i^»cffiixT'*5 

[00831 z<DXb fi:m-^m.'&mm\t. ^<Dmm. * 
[00 84] f^mt^mmt l-c»±. ^y^ti, t- 
5 vmm. '>y ^-^^^ji, zKy 

ff ?>i^. wtue,<0 5*)<Dia*fctt2a£il±SriS-g-UT 

60 [0 0 8 5] ciixex??^*)-^^. m^mmK'&ix^xis 
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10 0 8 6] •6efflSH5fRiS!^li14«f/lg (*S!^b) 
[0 0 8 7] r©J:9'i*^K<0/J<>'KS£^rii. 0iJ:ttf 

[0 0 8 8] rrT. mfB3a©j*?^:^^feo5*j, 

;&s-C#Jiv^o LA»U;td5b. *^BJT?H. ^i^-r-SJ:? 
[0089] ^^y- K»:5«t>©«^«&5l?©-g-^S (-^^fir 

fi, 7 5~9 9w t%gS-Cfe5<0;JSif* b<, ,8 5~ 
9 7.. 5w t%S«-efe2»©*sj:*)»*Ui^. 

[00 9 0] !i#{c. .-J^v- vm:Ei>^sf(^^m\cx<onT&^ 
tifctoro^jcfi, a5l&*(D-^**f±>. 9 0~9 9 

w t%@S-efc5©*W*b<, 93~9 8. 5wt% 

[00 9 1] KSI^Er;!i5Wm^?F^^fcfiltai;^ 

fi. 7 5~9 8w t%Saf-Cfc5©dSjfF^ L< . 8 5~ 
9 7 w t %S«tf 5 <D ;65 J: 19 #f * LV \ 
[0 0 9 2] ^>-Km^©^gpl4. -ttbtc-^^tbSiK 

pfi4$»c:PE^$tv/<Cl^>i^ 5. 3~6. e'Mg/mSS 
S-Cfc5c^*5«ff* L< . 5. 5~6. 4Mg/in3S^ 

[009 3] y^^m-cit, m^BM<Dmi^sssti)m< , 
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[0 0 9 4] h'm^<Dm'^. ^S^H#tC 

[00 9 5] ei±<D<J: 5 m^Eii. Sia 

T-<oiK^#ttSrm-t-j-HEl (tiSWJciK'fl: (J) . StUli 

(H) Sriofcia) ^?<D^^^K*ll^c*J^^T. J- 

Hm'¥<omMi:m<!> . (J/H) *s-3. 8x 

LtLm-k(OT-^mmmm (xirr) ^^s. oxio-^aj/d 

(Hcj) 365 4 0 6 ~ 7 1 7 k A/m-efc5 1 1/^ 5i$^«Hp 
14 =^#LTV^5„ EXT. ^"liS?*®* (z 

20 irr) ^XX^mm^mt) (Hcj) ICOt^TIHiJctftPJ-r 

[00 9 6] [^«rae^^*{'ov>T] ^pra»«m^ 

(xirr) ll]6}C/T:-f J;5tC. ] -HmX'(DWi.m 

«#Sr«S5^^<K^ (xdif) av. nmMPi!>>h-&m 

m<om^) ^-simmmm (xrev) tLtct^. 

30 [00 9 7] :^-SJ^mmm ( X irr) ( x 

dif) -BTi^SFl^^ (xrev) ^ii^^ J-H 
Blt?©Mfi£*i^t-*5V'>-C, J-H|ll't>(DiS-FSSrji5*»o 
(J/H) *5-3. 8 X 1 O-fi'^J-Xm-^feSEIft 
y irOig,SSr*iflE-^P t L:fc„ 
[0098] *^iqtC*5l,NT. ^iaT-©^pIia5«=a* 
(xirr) <^-tRfi^l^Sr5. 0 X 1 0-7'vy!)r-/'mt;t«);fc 

[0 0 9 9] HuigLfc<};5(-> ^-^mmmm (xirr) 

r®^Rr^s5^ifm* (xirr)>fc5@sw^$v^■(ia(c• 

(xirr) <0«gB-ett, :i?:^K 

m^i0>]K.(£i 0 o'cx 1 ^rrg<Dit^T»ci{:a^, ssa 

[0 100] ^Sim^mm (xirr) 

50 5.0X 1 0-7'v>'9-/'mSrMx.'5 1 , ^^iS*jaa*©«ft 
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(Pc) AS:*:t</i2) («sj^tfPc^5) Xo^mmx- 

[0 1 0 1 1 ^mX(DT-S!m^mm ixirr) ^5. 0 

5*5, Jp^iSe^lK* (xirr) 

(xirr) *54. 5 X 1 0-7v/!)-/miWT-efc5<O;i)SJ; 
9»*L<, 4. 0 X 1 0-7'vy!)-/maT-Cfc5W;6S$ 

1 0 1 0 2 1 [@*«SI;^)^;:ov^T] jK^- m^w^ia 

T-(7)El^r^a;d (Hcj) (i^ 4 0 6~7 1 7 k A/mT 
*)5o '^t-, 4 3 5~6 7 7 kA/mdSiU^ibVo 
10 10 31 HWftiK;^ (Hcj) *5t5iB±|5SffiSr«x.5 

fflo^ »:i J: o T i-tmmm^^A^A^'^ fc i ^ 

mtl (Hcj) Sr±K®fflti-5r ijciij, 3X>'m:5 

m (BH) maxfi, #(c:RSS$tt'5eV^*S. 8 7~1 2 5 
k J /■m3SS>6S»* L<, 100~125kJ /m^S 

[0 10 51 

m^ifiNds.lF e77.2-wC O8.5B5. 6A 1 w<'5JK:5t&* 
[01061 *'t*> N d . F e . Co, B . A 1 ©#M 

[0 10 71 lil4*5j;TJ5@5tC^-f«J^<0«ij^#^il{iit 

l>iSH5^^irt$^^TV^55^^:^/<-rt^:JB£^Lfc#. 

[OIO8J ^-om. ^^ffrtO-Yv^^s/ M^>'•7'>'^S: 

Sr-E-Hmt- 2 0 m/S>. 4 0 k P a frSSS UT, 

$ : *^3 0 liin. : j^l. 6mm)S:#/c. so 



16 

[0 10 91 Z.(D^y^n^t:m.1i^WLk.m. Ti^^^^yH 
■:^^Wi%'^X% 8 O'Cx 3 O 0|!l>^©j»*!iSS:l£UT. 

[0 1 1 01 #fei^fc^m^)^&*^;lo^^-c. ^olflf^ 
Sr3J-W-t-5fe«), Cu-KaSr^l^lH]ST:^2 0" ~6 0 

1=BT'fe?)Nd2 (F e • C o) uBi+B t . hmtSffi 
-efc-5a- (Fe, Co) tBOIUiff f-^ ;555t|g-C# , 
igiiSm^^^Sm (TEM) ^/ 

[0 1 1 1 1 m&m^(of^^\c. 

6 0^ m©:^:&«&*i Lfc. 
[0 1121 r<0»;5«&*i:. 3izK:^v«rJli 

fco ■ ' 

[0 1 1 31 <s>cv^T% Zff)^>'^<'y>'h'i:il&^VxnVi 

]E;0 7 1 onXcm^x&m^i^ m^m'p) b 

[0 114lf§IS^. 1 5 0'C(DAP^tcJ;t)n^;!K^v'W 
flMSrSM-fb^-^T (=3f-z^T*0!a) , KSl 0mm<;. xffi^ 
7mm(OR;ftt^<^^:^-|47j«i^K^;&*#fc. ^-Tj^i^KJK 

fcs 'S-jKi^m^W^fiEttv i|!?l6. 2 1Mg/m3-^fc 

(0 1151 <mn.!m±. ^-^mmmm<Dwm>^^-'^ 

KfiS^fcoV-'T. fil|g3**3. 2MA/m-e^^/V;^^8S 
Hcj. ft;*:iK»^^/l'=3S'-a (BH) max) ^M^V 

[01161 HI 7 tc^i-J; 5 nhtitc J -HgloM 
a*ijSt*JV>-r. il^SrjltJ^it (J/H) ;6S-3. 8 

d»f>flS#Sr-B.O * T^-fbS-frXd^feWt/^ctiiM UT. D 

ai®«MSffiiSrig^jaii^©«#) i:-^mmm^ (xrev) 
m<Dm%^ms^mmm (xdif) .i:bT*«>fco ^m-e 

•©^■57^*^^^^ (xirr) fix xirr=%dif-Xrevi: I- 

[0 1171 <wm^<Dfm>».ic. *«rls#3SvK«;5 

(ttSl OmiTKj. XS$ 7mmOP3*£4^) cDB^ft m 

O'CX 1 mr^(DmmT\z^m l^^, ^i&*-cM ufc^ 
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[0 118] <mTsm.<r>f!i-'m>m^. if->Yv&^<r>f^m. 



iff 

;is 9 0 % S t (r>mmmm-<r>-k^ $ SrTIE* 1 
[0 119] 

[^1] 



A 1 <jy 


Br 
(T) 


He J 
QcA/bO 


(BH)'^niax 
(kJ/jaO 


3C 1 r r 
(XlO-TA>9ViiO 


(%) 


3i^a4S9 0^ 
OU/dD 


0 


0. 84 


3 3 4 


74- 2 


5. 9 


-6. 4 




0. 05 


0. 9 1 


4 9 4 


112.3 


4. 3 


-4. 5 


0.7 1 


0. 2 


0. 89 


5 0 1 


10 9. 6 


4. 0 


-4. 1 


0. 7 4 


0. 7 


0.8 8 


5 12 


10 4. 5. 


3. 4 


-3. 5 


0.7 5 


1. 3 


0.8 5 


4 14 


94. 7 


4. 6 


-4. 8 


0. 6 5 


2. 0 


0. 79 


3 15 


71. 1 


6. 3 


-6. 7 


0. 63 



[0 12 01 <U^m^>^\t^hioi)^^i,b\c, mps 

t&*'f'<^>A 1 -^Wfiw^So. 0 2~1. 5JS^%-C*>0 

^^iiS?^^^ (xirr) *^5. 0X1 O'l '^'j^- / ^'ikT 

[0 1 2 1 1 £A±oj; 5'5ewi:*^b> *^l^lo:J;H«> 

[01221 (HiS^iJ 2 ) 1 IWHtcD;^ife{i i 

•3. -a-^ifflj^KdS (Ndi-yPry) 8.8F ebalC 07.5B 
5. 8A 1 0. 7<^^'^^« (P rSlfeiy SrS^^-fk^-frfc 

-C, 6 8 O'Cx 1 0:JJ-^^<D||S*aaSrfT-o^c. tufEi:ID« 

[01231 1 <h l^^etr LT. |filB«lJW 

«d^?>a^«&5feSr#, ::(Dm^«&?S*»fe^S2 0 mm 
<>. (*3^1 8mm* x;S$ 7mm(DP5tlI*^ (Vi^^^^*) 

Ws%<0^^mXt. ^9 6. 8wt%-e4>ofco «• 



^6. 1 8Mg/m3T?$>ofc. 

[0 12 41 r*T.b»roi,>-c. UlS^Ji hwm<n>^m 

■Xm.%^^/^^-'m. (BH) max) *3 itJ'^ WaS*^^* 
• (xirr) Sr2i;e. ffpffibfco -^©jg^STTIE^ 2 Ic^ 

■r. 

, [0 12 51 :i;}x?5<D5}f>'KjK^Sr-eH^tul 2 

^fc*5l/">-C, n— j?'S:4 0 0 0 r i>mTIi]fe$*;fci# 

[0 12 61 MiBLfcP rlsmfiyroS^eS^Si: 

SlOmm«xiS$ 7mm©Rtt4^i: L-^:J!iJl^1-tt||lte0iJ 

[0 12 71 :l3^b^c:o^^T. ^li«»Ji i:l^ilco:^ife 

fc. -?:C5^*S:TIH*2fc^-t. 
[0 12 81 
[^21 
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(10) 



19 



20 



9 T (D 


B r 
(T) 


He j 
(kA/ffl) 


<BH) max 
OcJ/D') 


(XlO-'A>'/-/ll) 


(%) 


^IS^9 0?6 


0 


0. 88 


5 2 0 


1 1 0. 0 


3. 5 


-3. 6 


0. 75 


0. 1 


0. 88 


5 2 6 


112.6 


3. 4 


-3. 5 


0. 76 


0. 2 


0.8 9 


540 


1 1 4. 9 


3, 2 


-3. 3 


0. 78 


0. 4 


0.8 9 


5 5 9 


118.5 


3. 5 


-3. 6 


0. 82 


0. 6 


0. 86 


5 7 0 


10 5. 2 


4. 0 


-4. 1 


O/ 84 


0. 8 


0. 83 


5 5 0 


96. 1 


4, 7 


-4. 8 


0. 79 



[0129] $t 2ii>ht)i)^Z> J; 5 ^tl^ttJKv m 

(R^^t'*fL7 5%«T) P r {cSmLfc;ii:{Cj; 
[0 13 0] U±.m:ofiZ.}if)^h. 

[01311 3 ) mmm 1 1 j: 

t). ( (Ndo.sPro.s) zDyi-z) 9.0F 

ebalC07.7B5.6A lo,5®^J^»« (Dyglfe* (1 

-z) ^a^^'fk^-ti:fc1ilg:a<D^?^^«) ?r»}3tU. 
T>'V'=?V;;</:^#H^4'T\ 6 8 O'Cx 1 2^)-[l^<D^^S 

[0132] %mm 1 h mWcK LT. mIIEtL<^» 

« . F*1S1 Smm* Xift^ 7mm(DRl^:t^ 



tr^^^Vm^<om&\-t. 2 0Mg/m3-C*>ofc:. 

[0 13 31 :iiib»wOV^-C. Illli«!i ilil^©:^^^ 

i^m%:^^/T^^~m (BH) max) *5j;t;?JF^iS?«m* 
(xirr) SriB!l;t. fF«Lfc. -ErW^SSrTIB* 3 Jci;^ 

[0 13 4] rtv6)roJi<vKfil55r^tu-p*n 2 
@}C0^S»^L. bTfflV>-CDCy 

i5'^J:*^^^T, n— ^>Sr4 0 O 0 r pm-C(l]fe$-arfci:# 
[0 13 5] efetd, IfFMUfcDye^llrl-zWM'^iS 

mm 1 h mm\z ltjj^v vm^^mkvtL. 

[0 13 6] c^^fe,^-ov^T, HJSeii 

fco -?:®^IP:SrTfa^3ic:^i-. 
[0 13 7] 
[^31 



DyOO 

1-2 


B r 

(T) ^ 


He j 
(kA/oD 


(BH) nax 
(kl/ii*) 


2C 1 r r 

(xla-'^>'^/B) 




9 0 % 
Q9A/1I0 


0. 0 1 


0.8 8 


548 


10 9.1 


3. 6 


-3. 6 


0. 76 


0. 04 


0.8 7 


5 7 5 


108.2 


3. 5 


-3. 4 


0. 78 


0.0 6 


0.8 6 


5 9 2 


1 06. 6 


3. 4 


-3. 3 


0. 8 1 


0. 0 8 


0, 85 


6 11 


10 5. 6 


3. 1 


-3. 0 


0. 8 3 


0. 1 0 


0. 83 


6 2 3 


1 0 2. 8 


3. 2 


-3. 1 


0.8 6 


0.15 


0, 7 8 


6 0 8 


93. 2 


4. 5 


-4. 5 


0. 93 
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[ 0 1 3 8 ] S 3 J: 5 1-. #t|;^t4^ V m 

mil. ^^\^. *fc. ^s^m^ 

+4*5 J: x^mm^ ^mn loo, @ w^si^;^ t Mi^mn.:^ 

[0 13 9] EA±©<t 5^^^i:d>fc, ;*:^BJtcJ;h-tf, 

[0 14 0] (|IJ£«WJ4) HJSMl 
5, -^^ia^*SNd5.3P r2.8Dyo.6F e76.8-vCo 
8.5B5.6A I0.4S iv^^^*^*^ ( S i -^^T* v Sr«^ 

mmk^-<i. 6 7 o'cx 8 5>ra©f8ya!.asrfTofc. mib 
. [0141] "^mm 1 h wm^ l-c. Misjiif^* 

r©a;5«&5lCd'>^^1-S2 Omm 
rtSl 8mm* X]iS^ 7mm®P3tS4^t (y 

JifVKa^ro^Stt. *?J6. 1 9Mg/m3-Cfc<3fc. 

[0 14 2] z.ixh\^^\'^x. nm^\hmm<r>-)im 

:^a^^^>'l'=¥-a (BH) max) ^.X^-^Wimmm 
(xirr) SraOJt. ffF-lffiUfto ^■©M*SrTIS*4 fc^ 

[0 14 3] ^fc. :iixb<OJj<>'K«£:5Sr-5:tu-€iXl 2 
^tc:*Jl^T» o— ^Sr4 0 0 0 r pm-C|i]^$-*fci:# ! 



[0 14 4] BtiKftLfcS i^^TivO^/^S^^ 
Si Omm* xi^$ 7mmWRtt)|^i: Ufcfil^1>tt^lS^J 

[0 14 5] nmwi 

[0146] <5a:5t9*©i9:fttt>»^»*©]iBittt • 

5|?Sr3 CCx 5 0%RHX 1 55J-<oa^Ti:. 8 0"Cx 
9 5%RHx 1 5^)-®it*Ttc:^2»-*5#, rixSr 2 4 

[0147] 

B : ^o^^i5-rd>{j::t«3 

C : ^O^^eM'O 
D : ^fO^^Wm 

•Cx 9 5%.RHOtIfflfiaiW»cAtu. 

15. 2>c<D4i&pg-eff^BUfco 

[0148], 
A : 5 0 0^MMi3#t>|g$itlL 
• B : 4 0 0^raeA±. 5 0 O^PBl*rffiT?^M 
C : 3 0 0^^£;l±. 4 0 O^Pfl*ilT'^» 
D : 3 0 0^K*iST-^^ 

[0 14 9] 

[«4] 



S 1 0 


B r 
(T> 


He j 
(kA/nO 


<BH> naz 


3t 1 rr 




(MA/m) 






0 


0. 85 


57 5 


10 6.2 


3. 5 


-3. 7 


0.7 9 


B 


B 


0. 1 


0.8 6 


58 1 


1 1 0. 3 


3. 4 


-3. 5 


0.8 1 


B 


A 


0. 3 


0. 88 


5 9 7 


119. 5 


3. 3 


-3. 3 


0. 84 


A 


A 


0. 8 


0. 86 


609 


115.2 


3. 0 


-3. 1 


0. 90 


A 


A 


2, 0 


0. 84 


6 2 3 


10 7.8 


2. 6 


-2. 8 


0. 92 


A 


A 


3. 0 


0. 8 1 


6 3 5 


100. 4 


2. 3 


-2. 5 


0.9 5 


A 


A 



[0 15 0] <i^'g-Wffi>^4*»f)*>d>2.J:5t-. 



14 (fRe*)^;ttt) Sr^U. 
[0151] a^ie&5Sf (:is i ^BfJ^l: (0. 1 
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